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Abstract

A (%lfandbasis is used to derivethe coefficientsof

4.

I%stkorpcrPhysilc

fractionalmrentaqe
(CFP’s)used to calculateintmsitics f-r x-ravdmtoclcctrcns~troscxmy of‘dxxns.
Ustiqasscciatd Clllftibnscs,w SIW chat it is easy to derivethe Rlc& CT’P
relationsbebmen “particles”and “holes.”

The use of unitarytechniquesto calculateelectronicmatrixelerrcntsfor utmic

configurationshas the advantageof avoidingthe use of wcfficicntsof fractional

pmmtaqc (Cl?P’s), sums mm pmnut.ations,and recouplingm’ fficicnts.1-1o Mmmvcr,

in orderto relatethe unitarycyqmnachto thatof Racah,11 we wish to shw the ease

in whichCFP’sCM bc dcrivcxl

kcah’s relationships~.&mon

using h unitaryappmch.,

‘l%emathmtical problem

using a dnitaxybasis. Menm.re, w S* that

CFP’s for “particles”.ancl“lmles”follm naturally

trmtd hem is cqiivaknt to the derivationof the

relatim nmbcr of cloctronswhichwill,be foundin the lcwnxtcncrqypaks of an

x-ray:imtcclectmnspXmn of an atcm. Assmm the atan has an outer shell.config-

urateionof n diffcrent0,-cloctrons‘WKIkfom irradiationis km to be in a state

/~~ ,S> with titz~lorbitalCUIC@CW ~t~ L and sp.h !3. ‘Ih ~mhbility that

will be l.cftin a state I!?n-l-~,3 after irndiatkn is siK@y

0w2r ,hlitiid.sulks

Uni ta~ (JL?n(?lat()r

(1)

(2)



CL

n

E= (-l)qv 9’ =
T -q

(-l)q ~ v;(i)
i=l

such that

if the nth particleis in

(3)

= 1, (4)

a nure dotaild nicture whi* ae

counts for .wlarizd x-rays* * txwgct struc~ will give rise to mre mmli-

catd tensorialfozm than in Eq. (3).

Fran the dcfiniti of CM?’sbelcw for antisymmtrizd spin-orbitstites

<?#-%iL,5F; w I(-l)%; lq+%~rsfq’,

- ‘L (N-%I )AS) #= 6 Cg& q%
L

it fol~ that

‘rho Lti

(% )‘!ZL
=n-

%
2 (1*-%1 MLS)2 ●

Oquationis c1 Con=ql=== of tk fact that

Fk,i!f’T.M@

(5)

(6)

(7)

(a)

N., : ,



~ (?’’-%:]IQ.%) = 1

L..

as dcsird !llIcfactthat * photoclmtronsmctral intensitiesarc molxrtional

to the CFP’s was or.iqimllv shorn by Cox and Orchard.
13 ““

IW can now evaluatethe CFP’s in ~. (6)usinq%1 fca.ndkmses. T*@firstn@

to C* the states I~nT}\,S’”in tc~ Of relf~~ds~tcs ● ~is ~Ts ~~ ‘one ~

Caird1”4for all shellsun to !.= 3 (f-elections),andis effmtmd Lv lcxmrinqfmn

(9)

the hiqhest?\ stitc?(P$= L) which is almvs

I?orexample,blow are sum statesfor *

configuration

IF 1]],%> = D

c1Ip 1’(),’,,= 2

IplJ-1,’~>= ❑
IP2D2,0> = m

IP2Dl, o> = Em

IP2 DO,O> =3 m +J~EEI
lp2wl, o~ = ml

lp2D-2,0~= m

IpsD2,’J =
P

~p3 D].,j~ .$p+gp

IP3 DO,j> .gp+~p

1)?31)-1,+>.gp+gp

P

23
1[>3D-29 = ~

3,6
a sinmleG21famlstate.

-shell up m the half-filledn3

El
lp2Pl,l> = :

El
@ Po,l> = :

H
lp21’-1,1>= :

]p*solo> =& m-J$ m

(10)
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po~~ilzsfcr Eiec tYOP. iC Crbital [,:~~z~ 2TS‘Fig. 1. Tableau~

(a) Number >peratorsEii ar? diagcnal.(Yk~ OmIy ~ige=_

values for orkitalstates are O.1,a.ni2.)

(b) Raising and lowering operators are simpl:,rtransposes

of each other.

(c-h) Ei_l ; acting ~?i a tzbleaust2%e gives zerg -uyless

there is 2;-(1) in a col$unnof the ta~~eatithat doesn’t

already have an (i-l},too. Then it gives ~ae~ a new s:ate

with the (i) changed to{i-1) and a factor (matrix el~~e~:)

that depends on where the o~her (i)’s ~.d (i-1)-s ~~e ~~~~~e~.

(Boxes not outlined in the fig~re contain mmbers Eot eqxal

to (i) or (i-l).)Cases (c)zma (d) involvedthe “citybl0C2-
distanced whichis t:heaenminatcr of t?,e=atrix

element. The numerator is one larger(d+l)or mailer {d-l)

dependingon whetherthe inv”lvedtablea.~sfavorthe larger

or smallerstatenumber (i m i-l)witk a higtier~os~?~os.

The specialc~ses of (d=l) shun in (f)al=~jrspick the
larger (and non-zero) choice of d+l=2. Ali other zG~-zercI

matrix elenents are equal to uqity.



EXq IP3 P-1,!>>.E43(g p -&p,

+($~+$p) -JR

= (J’~ +~- ~ -$ pyJ).~

J fl= ; lp2PO,l;X>- & p2 DO,O;X>

lfl+$ p2 So,o;x> ,

I’m 4. 0 we find

3
2

T = 3(c:-;-:) (p2P1I)p3P!i)2

k = 3(Cfi-;-:)2 (P2DOI]p3P!j)2

2
3 = 3(c:-:-:)2 (p2SOI)p3P’j)2

Evaluatingthe Clebsch-Clmdoncm Eficimt.s, V= have the folliningthreerelativephoto-

(12)

(13)

electronintensities:

(p2P1Ilp3P’,)2 = 1/2

(p2DOI]p31?’~)2 = 5/18

(P2SOI)p2P’,)2 = 2/9

One advantingcof h unitary apprmch for driving ~*T”s is

niqucs may b used for any .91x211.Howvor, its utilityis mst

inq with IKIrCthan ludf filled shdls,, [kinq b ralfand bwis,

(14)

t.kt tk &urc ~~h-

ccmvincing when IJQdl-



a)

Fi:~.2.~lssociated Gelfand tiasis— —
..—.— —-..

El
12
2
4

b) c)

a) la*> Is found by completing a rectangle about la)

with 2 columns and 21+1 rows.

b) The empty boxes are numbered increasing upward in

the columns with no number in a column repeated.

c) la> is then detached from the rectangle and the

remaining pattern rotated to give is*),
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Yip, 3,

(al)

(bl)

Associated j-jasisfor——

Z?t

21
41

4’!
34

al)

a2)

iinti. svrmetric

‘iq

-i

3?
31

t%El
—

51’
5$

A rectangle is completed about the antis ymmetric

Gelfand state of SU(4A+2) with 1 column and 4k+2

rows. The empty boxes are numbered lexically as

shown. Note that n?pn$.

The state is then detact’!edfrom the rectangle

and the remaining phttern rotated to gi;e the

associated state.

Iml
L I J

bl) A rectangle ts completed about the Gelfand state

of SU(2) with 21+1 columns and 2 rows. The empty
bOXC\ arc numbered lexica~ly as shown, Note that
t74.

1)2) ‘[he state is then detached from the rectangle and

the remainlr,g pattern rotated to give the associ-

ated state.



and

(15)

where

where~=n*+l =41+3- n.

Since

w! ham

(16)

(17)

(18)

(19)

the lllcah’sexceptfor a nhase factor (-1)l*L.
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